Becton Dickinson Diagnostic Instrument Systems (Sparks, Md.) recently introduced BACTEC high-volume aerobic and anaerobic bottles that accept up to 10 ml of blood for use on their nonradiometric blood culture instruments. Both bottles contain 25 ml of tryptic soy broth, 0.05% sodium polyanetholesulfonate, and mixed resins. We compared the anaerobic bottle, designated BACTEC PLUS 27 (BP27), with the Roche Septi-Chek (RSC) Columbia broth anaerobic bottle in a collaborative evaluation at three university hospitals. A total of 5,152 adequately filled blood cultures were obtained from adult patients with suspected bacteremia or fungemia. Staphylococcus aureus was recovered significantly more often (P < 0.03) from BP27 bottles alone; there were no other significant differences in yield. When microorganisms were recovered from both anaerobic bottles, growth was detected earlier in BP27 than it was in RSC (P < 0.001), especially for S. aureus (P < 0.001) and Staphylococcus epidermidis (P < 0.02). We conclude that the yield from BP27 bottles is equivalent to or better (S. aureus) than that from RSC anaerobic bottles with Columbia broth and that speed of detection is superior with BP27 bottles.
Successful recovery of microorganisms from the blood of patients with bacteremia and fungemia is dependent upon several factors, the most important of which is volume (1, 5, 6, 10, 13, 14) . It is now recognized that optimal recovery of microorganisms occurs when 20 to 30 ml is cultured from each venipuncture (6, 10) . Until recently, however, the only commercial broth blood culture systems with bottles designed to accept inocula of 10 ml of blood were manual systems. Becton Dickinson Diagnostic Instrument Systems (Sparks, Md.) recently introduced high-volume (i.e., 10-ml) BACTEC PLUS 26 (BP26) aerobic and PLUS 27 (BP27) anaerobic bottles for use with their nonradiometric 660, 730, and 860 systems. These bottles are manufactured in the same size and configuration as BACTEC bottles that accept only 5 ml of blood. Therefore, to culture 10 ml of blood, the volume of medium in each bottle was reduced from 30 to 25 ml. The resultant ratio of blood to broth in each bottle was reduced from 1:7 to as low as 1:3.5. Since the ratio of blood to broth medium is also important in maximizing recovery of microorganisms (2, 11) , proprietary resins were added to overcome the reduced ratio.
We compared these high-volume BACTEC bottles with the Roche Septi-Chek (RSC) blood culture system. The RSC system was chosen as a reference method because (i) the bottles accept blood inocula of up to 10 ml, (ii) the blood to broth ratio is in the range (1:8) known to maximize recovery of microorganisms (2, 11) , (iii) both aerobic and anaerobic media are available, and (iv) the media do not contain resins or other lysing agents. Results of a comparison of BP26 and RSC aerobic bottles were reported recently (15 Blood culture collection. Skin disinfection was by standard techniques (11) . Thirty milliliters of blood was collected at the bedside and was inoculated sequentially into one BP26 bottle, one BP27 bottle, and one RSC anaerobic bottle.
Laboratory processing. All bottles received in the microbiology laboratory were compared against standards with known volumes, and the adequacy of fill was recorded. Blood volumes of <8 ml were recorded as inadequate, volumes of 8 to 12 ml were recorded as adequate, and volumes of >12 ml were recorded as overfilled. Only bottles inoculated with 8 to 12 ml of blood (i.e., adequately filled) were included in the study, although all bottles containing any blood were processed to maximize recovery of microorganisms for patient care. All bottles were processed according to the recommendations of the manufacturers. In particular, RSC bottles were subcultured at the end of the 7-day incubation period (terminal subcultures); BACTEC bottles were not subcultured. Microorganisms were identified by standard procedures (8 Nineteen Pseudomonas aeruginosa and 24 Candida albicans isolates were recovered from those cultures in which all three bottles were adequately filled with blood. Seventeen of 19 P. aeruginosa and 23 of 24 C. albicans isolates were recovered from BP26 bottles alone or in combination with one or both anaerobic bottles; 8 P. aeruginosa and 9 C. albicans isolates were recovered only from BP26 bottles, 9 P. aeruginosa and 14 C. albicans isolates were recovered from one or both anaerobic bottles in addition to BP26 bottles, and 2 P. aeruginosa and 1 C. albicans isolates were recovered only from RSC anaerobic bottles. No P. aeruginosa or C. albicans isolates were recovered only from BP27 bottles. Within this subset of cultures, 7 of 9 P. aeruginosa and 3 of 11 C. albicans isolates recovered from RSC anaerobic bottles were recovered by terminal subculture.
In the same subset of cultures, 25 total isolates were recovered from RSC anaerobic bottles by terminal subculture. Eighteen of 25 (72.0%) isolates were also recovered from one of the other two bottles in the same blood culture set. Seven of 25 (28.0%) isolates were recovered only from RSC bottles. Of these seven isolates, three were from patients who had other blood cultures from which the same microorganism was isolated without terminal subcultures. Thus, if terminal subcultures had not been performed on RSC bottles, 4 of 404 (1.0%) total isolates would not have been recovered. These isolates included one each of S. epidermidis, a Bacillus sp., P. aeruginosa, and C. albicans.
DISCUSSION
Data from this evaluation indicate that, with the exception of S. aureus, there was no significant difference between BP27 and RSC anaerobic bottles for recovering microorganisms from the blood of adult patients with bacteremia or fungemia. Microbial growth was detected significantly earlier with BP27 bottles (P < 0.001). In particular, growth of S. aureus (P < 0.001) and S. epidermidis (P < 0.02) was detected earlier with BP27 bottles.
The reason for the increased yield and earlier detection of microbial growth with BP26 (15) and BP27 bottles in comparison with those with equivalent RSC bottles is not known. The volume of blood cultured in each bottle was carefully controlled to between 8 and 12 ml. We did not assess the impact of antibiotic therapy on yield in this study, but in the companion evaluation (15), binding of antimicrobial agents by resins in BP26 bottles did not completely explain the difference in recovery between the two aerobic bottles. Although the ratio of blood to broth is greater in RSC bottles and therefore should have enhanced recovery of microorganisms from those bottles, such a difference in overall recovery was not observed. The most likely explanation for the increased recovery of microorganisms such as S. aureus from BP27 bottles is the presence of resins. The mechanism by which these resins increase recovery of microorganisms is not known, although a recent report (7) suggests it is by lysis of leukocytes and the subsequent release of phagocytized microorganisms into the blood-broth mixture. Although improved recovery of microorganisms might occur if an agar slant were part of the anaerobic Septi-Chek system, such slants are not available. Placing slants designed for use with aerobic Septi-Chek bottles on the anaerobic bottles would render the bottles nonanaerobic and is not recommended by the manufacturer.
Although the difference was not statistically significant, strictly aerobic microorganisms such as P. aeruginosa and C. albicans were recovered more often from RSC anaerobic bottles than from BP27 bottles. Improved recovery of such microorganisms was most likely secondary to the less anaerobic atmosphere present in the RSC bottle headspace relative to that of the BP27 bottle. After each BP27 sampling, the BP27 bottle is backflushed with anaerobic gas, maintaining the atmosphere and, hence, the broth medium in a more anaerobic state relative to that found in the RSC anaerobic bottle. In contrast, because the RSC bottle atmosphere is not sampled or replenished, the broth medium may become less anaerobic over time, allowing for enhanced recovery of aerobic microorganisms. It should be emphasized that when all three bottles were adequately filled with blood, 17 of 19 P. aeruginosa and 23 of 24 C. albicans isolates were recovered from BP26 bottles alone or in combination with one or both anaerobic bottles. Moreover, for isolates which were recovered from RSC anaerobic bottles, 7 of 9 P. aeruginosa and 3 of 11 C. albicans isolates were recovered only on terminal subculture. Consequently, both BP27 and RSC anaerobic bottles should be paired with an aerobic bottle for timely recovery of strict aerobes.
A total of 404 isolates were recovered from the subset of cultures in which all three bottles were received and were adequately filled with blood. Within this group a total of 25 isolates were recovered from RSC anaerobic bottles by terminal subculture only. Since 18 of these isolates were recovered from one of the two BP bottles in the same culture and 3 of the remaining 7 isolates were recovered from other blood cultures, only 4 of 404 isolates would have been missed if terminal subcultures had not been performed on RSC anaerobic bottles. Therefore, routine terminal subcultures cannot be recommended for RSC anaerobic bottles on the basis of the data from this study.
The relative paucity of strict anaerobes (7.1% of all isolates) isolated from bacteremic patients in this study is similar to that reported by others (3, 4, 12, 16) . As a single bottle, the BP26 outperformed either anaerobic (BP27 or RSC) bottle with regard to total yield in this study. It might be inferred, given the primacy of volume of blood cultured in yield (1, 5, 6, 10, 13, 14) , that more isolates would be detected overall if 20 ml was cultured aerobically rather than being divided equally between aerobic and anaerobic bottles. Whether or not selective cultures for anaerobes on the basis of clinical criteria (e.g., intraabdominal or gynecologic sepsis) would be prudent remains to be determined in a prospective trial. Our data show that blood cultured anaerobically has a lesser yield than an equal volume cultured aerobically. Since it is not possible to change the atmosphere and medium once the bottle has been inoculated with blood, a critical analysis of this tissue is needed. Specifically, there should be a comparison of selective blood cultures for anaerobes versus arbitrary splitting of samples into aerobic and anaerobic bottles for all patients and clinical situations. Until such a study has been done and data for a full analysis are available, the current use of an aerobic-anaerobic bottle VOL. 30, 1992 on October 28, 2017 by guest http://jcm.asm.org/ pair will continue. In this regard, this evaluation has shown the BP27 bottle to be an excellent companion bottle to the aerobic BP26 bottle when it is used with BACTEC nonradiometric blood culture instruments.
